Background Sepsis patients suffer from severe inflammatory and poor prognosis.
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AUC of HO-1 and serum creatinine was 0.824 (95% CI: 0.703-0.944) and 0.778 (95% CI: 0.658-0.919) separately. The AUC of combined with HO-1 and serum creatinine was 0.864 (95% CI: 0.761-0.968). The survival analysis showed that sepsis patients with high HO-1 level had a higher mortality rate compared with patients with low HO-1 expression.
Conclusions The findings from this study make contributions to clinical value of HO-1, suggesting that HO-1 plays a diagnostic and prognostic role in sepsis-induced AKI.
Background
The occurrence of bacterial sepsis can result in millions of deaths each year 1, 2 .
There is evidence that sepsis enables the switch from initial systemic inflammation to acute local inflammation of multi-organ, which finally leads to organ failure, such as acute kidney injury (AKI) 3 . Sepsis complicated with AKI has been thought of as a key factor of high mortality. AKI represents a tough task to address among clinical practices in intensive care unit all over the world 4 . A considerable amount of literature has been published on the pathogenesis of AKI, however, the mechanisms underlying the progression of sepsis-induced AKI have remained unclear. Once organism has response to the pathological stimulation, the oxidative stress and inflammatory exert mutual reinforcement and give further influence on body 5, 6 .
Recent evidence has shown that the role of oxidative stress in the development of AKI is increasingly being recognized 7, 8 . Several attempts have been made to indicate that heme oxygenase-1 (HO-1) play an antioxidant role in the progression of acute organ injury [9] [10] [11] . The aim of this study is to explore the diagnostic and prognostic significance of HO-1 in sepsis-induced AKI.
HO-1 is one functional isoform of heme oxygenase which is the rate limit enzyme of heme catabolism in mammalian cells. The metabolic products of heme are generated after the upregulation of HO-1, which is mainly found in liver, spleen and lung [12] [13] [14] . It is necessary here to clarify that HO-1 plays an important cytoprotective role in the inflammatory response to organ injury 15, 16 . The regulation of HO-1 expression and secretion is a protective response in the forms of AKI 17, 18 .
The present study seeks to obtain data which will help to estimate the role of HO-1 in sepsis-induced AKI. Patients for this study were collected from the First Affiliated Hospital of Dalian Medical University. Based on the analysis between different sepsis groups, this study was conducted in the form of clinical information and laboratory results with the statistic approach in order to address the correlation between HO-1 and laboratory indicators in sepsis. The findings suggest that HO-1 plays a diagnostic and prognostic role in sepsis-induced AKI.
Methods
Subjects and study design. The sepsis patients of this study were conducted in the First Affiliated Hospital of Dalian Medical University, China, from June 2018 to Jan 2019. The 109 sepsis patients were collected at early stage of this study. Those patients who died within 24 hours (n=9), had no blood test within 24 hours (n=6), chronic nephropathy (n=8) and malignancy (n=3) were excluded from the present study. Criterion for selecting sepsis patients was diagnostic criteria for sepsis 3.0.
The total of 83 sepsis patients fulfilled inclusion criteria including sepsis-induced AKI patients (SAKI, n=36) and sepsis patients with no AKI (NAKI, n=47). According to the definition of septic shock and global kidney diagnostic criteria in Kidney Disease: Improving Global Outcomes (KDIGO), the patients were recruited and divided into four distinct groups: septic shock and AKI group (SS+AKI group, n=18), sepsis-induced AKI group (S+AKI group, n=18), septic shock group (SS group, n=20), and sepsis group (S group, n=27). This study was approved by the Ethics Statistical analysis. Statistical data was generated by using SPSS (22.0, IBM SPSS Statistics, USA). Data are expressed as mean ± standard deviation, or median (25th-75th percentile). We used Mann-Whitney U test to evaluate the variables between SAKI patient group and NAKI patient group. The Kruskal-wallis test was set out to examine the variables in SS+AKI group, S+AKI group, SS group, and S group.
The difference of indicators between groups were studied with ordinal logistic 6 regression mode. The Spearman test was used to assess the correlation of variables. Receiver operating characteristic (ROC) curve was drawn to predicted incidence of sepsis-induced AKI with calculate area under curve (AUC). Survival curve was generated by Kaplan-Meier survival curve. P<0.05 was considered statistically significant.
Results
Clinical characteristics and laboratory data of sepsis patients. Table 1 presented the characteristics of 83 sepsis patients, among whom SAKI was 36 (43.4%) and NAKI was 47 (56.6%). As shown in Table 1 , SOFA sore and time of ICU stay differed significantly between SAKI patients and NAKI patients (p<0.05). Table   2 provided the remarkable difference of HO-1, CK-MB, TnI, Urea, MYO, PCT and APTT between SAKI patients and NAKI patients (p<0.05). None of other differences were statistically significant (p>0.05).
The sepsis patients were categorized as four groups based on sepsis, shock, AKI, and their combinatorial relationship as described in method. It can be seen from Table 3 that a total of 7 parameters changed significantly between these four groups (p<0.05), including ALP, Urea, MYO, Scr, PCT, APTT, and PT.
Profile analysis of HO-1 level among different sepsis groups.
To assess the characteristic role of HO-1 in sepsis, the concentration of HO-1 was examined and compared between distinct sepsis groups. In Fig. 1 A, we observed that HO-1 level in SAKI group was higher significantly than that in NAKI group (p = 0.001). We also detected HO-1 level in SS+AKI group compared with the level in each one of other three groups, and the significant results are presented in Fig.1 B (p<0.05) .
However, no significant differences were found between S+AKI, SS, and S groups (p>0.05).
Correlation analysis of HO-1 with laboratory data of sepsis patients.
In an attempt to analyze the correlation between HO-1 and laboratory data, Spearman correlation test was employed to examine whether HO-1 was significantly associated with laboratory indicators. The results obtained from the analysis were summarized in Table 4 and 5. In all sepsis patients, HO-1 had a positive relation to Hb, TnI, Urea, Scr, APTT and SOFA sore (p<0.05). In SS+AKI group, HO-1 had obviously a positive relation to SOFA score, AKI grade, Scr, γ-GT and FDP (p<0.05).
In S+AKI group, HO-1 was significantly correlated with AKI grade, Scr and ALP, respectively (p<0.05). In SS group, there was a negative correlation between HO-1 and SOFA score. In sepsis group, however, HO-1 had significant relation to neither SOFA score (p=0.625) nor Scr (p=0.146). 
Potential prognosis value of HO-1 and survival analysis. It was presented from

Discussion
The present cross-sectional study showed that level of HO-1 was significantly higher in sepsis-induced AKI compared with sepsis without AKI. The combined role of HO-1 and Scr was significantly more likely to predict the occurrence of AKI during sepsis than either of the two indicators. In both SS+AKI and S+AKI group, HO-1 concentration was positively associated with AKI grade, suggesting that HO-1 level had a strong relationship with the severity of AKI, especially organ injury.
This study provides clinical evidence of diagnostic and prognostic value of HO-1 during the progression of sepsis. It is now well established from a variety of studies, that HO-1 can be induced by hemin, which may further cause oxidative stress and inflammation, especially in the progression of acute organ injury 19, 20 . Heme, as a ubiquitous compound of human tissue, is involved in physiology and metabolism.
Once heme is released from cell, the oxidation reaction would occur to free heme.
Subsequently, free heme is certainly converted to the ferric state, namely hemin.
HO-1 acts as a stress response protein in the reticuloendothelial system, therefore decomposing heme into iron, biliverdin and carbon monoxide. The induction of HO-1 plays an antioxidant-derived cellular protective role during oxidative stress. A positive relationship between oxidative stress and AKI has been reported in the literature 7, 21 . Evidence has showed that one characteristics of AKI is tubular epithelial cell oxidative stress, which further causes microvascular dysfunction and inflammation 22, 23 . The present study clearly showed that increased serum HO-1 is a positive factor to predict the extent of AKI.
In this observational study, we clearly demonstrated that HO-1 concentration had a significant relationship with Scr level in the SS+AKI group and S+AKI group. In other two groups, however, HO-1 was not correlated with Scr. According to KDIGO consensus group, Scr has an increase of ≥0.3 mg/dl or >50% of baseline within a 48-hour period during AKI, which has standardized the identification of AKI. Based on the analysis of area under ROC curve, HO-1 and Src in sepsis patients were 0.824 and 0.788, respectively. The area under ROC curve of combination between HO-1 and Src was 0.864. The combination analysis of HO-1 and Scr contributed to a more effective approach for the prediction of AKI than each of them in AKI. It was observed from the ROC curve that HO-1 was by itself performed as a predictive value in the early stage of sepsis-induced AKI. As presented in the statistical analysis of HO-1 and Scr, it can thus be suggested that HO-1 could be regared as a clinical putative marker in the pathogenesis of renal injury, especially sepsisinduced AKI.
Sepsis is a common condition that contributes to the emergence of systemic inflammation, resulting in the hemolytic lesion 24, 25 . It is widely known that there are several mechanisms underlying hemolysis [26] [27] [28] . The occurrence of hemolysis could result from some toxins released by pathogens and fibrin chain emerging in intravascular coagulation. The complement system intervenes the activity of red blood cell during sepsis 29, 30 . It was interestingly found in this study that HO-1 concentration had a positive relation to Hb level, which was consistent with the phenomenon described above. This finding indicated that hemolytic reaction released the heme with the final induction of HO-1 expression, suggesting HO-1 detection would contribute to the improvement of hemolytic index.
Prior studies have certified the protective role of HO-1 in renal dysfunction, which is conducive to survival rate 31,32 . It had been established in previous research that Toll like receptor (TLR) played an important role in autophagy to protect renal tissue 33 . In sepsis animal model, deletion of TLR2 not TLR4 aggravated the renal insufficiency and tissue damage. When the TLR2 + TLR4 − mice was treated with cisplatin, HO-1 expression was increased in heme plus group, which group was found that renal function was improved. There was no similar phenomenon occurred in TLR4 − group. This result may be explained by the fact that the HO-1 was involved in the promotion of renal function recovery. Our result of survival cure showed that there was a high mortality rate in patients with elevated HO-1 level. This result might be somewhat limited by activity of TLR signal pathway, which lead to a deficiency of HO-1 protective function. This is an important issue for further research of HO-1 and TLR function.
There are several limitations in this study. First, the current research was a singlecenter study with limited sample size in each group. Further work is required to collect more participants to replenish adequate data. Second, the blood collection was conducted within 24 hours, which might be relatively large for a time-limited window of the ICU case.
Conclusions
Our present study set out to examine the HO-1 level in sepsis-induce AKI and evaluate the correlation between HO-1 and laboratory indicators. The investigation of HO-1 has shown that its concentration was increased in sepsis-induced AKI, especially in septic shock and AKI group. The correlation between HO-1 and Scr was determined using statistic methods, indicating that both of them have predictive value in disease evolution and prognosis of sepsis with AKI. Continued efforts are needed to conduct more investigation and experiments to make HO-1 more accessible to the pathogenesis of AKI. The evidence from this study suggests that high serum HO-1 is a putative index to contribute to the diagnosis and prognosis of sepsis-induced AKI. 
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